A flexible technique is developed using hydrochloric acid to modify the redox reaction between potassium permanganate and sodium nitrite in order to grow ultrafine α-MnO 2 nanorods, hydrothermally. The nanorods grown were 10-40 nm diameters in range. Not any crack, fissure, imperfection or dislocation is observed in the nanorods suggesting it to be finely ordered. Structure, phase and purity of as developed nanorods were determined using X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and Energydispersive X-ray spectroscopy. Peseudocapacitance of α-MnO 2 nanorods was tested using a three electrode system. Considerably very high pseudocapacitance value of 643.5 F/g at 15 A/g current density was calculated from the galvanostatic discharge current measurement.
Introduction
The developments in modern lifestyles have resulted in ever increasing demands for energy sources which have proved a great threat for the natural resources of fossil fuels. To tackle this crisis, there is a need to harvest sustainable energy plus develop new technologies for improved energy storage and conversion [1] [2] [3] . Supercapacitors are one such solution due for their high power density and long cycle life with quick charge/discharge rate compared to batteries [4] [5] [6] [7] [8] [9] . In contrast to conventional electrostatic capacitors, they provide high energy density [4, 5] . Generally, supercapacitors found applications where large power is needed for short interval like breaking systems of electric and hybrid vehicles; emergency power shutdown and power stabilizers in low power devices [10, 11] . Supercapacitors are classified into electric double layer capacitors (EDLC) where the charges are stored electrostatically through separation of charges and pseudocapacitors (PC) where the charges are stored faradaically involving electrochemical redox reaction, electrosorption and intercalation of ions or atoms between electrode and electrolyte [12, 13] . Faradaic storage mechanism of charge makes pesudocapacitors meritorious by giving higher energy density than EDLC [14] [15] [16] . Transition metal oxide is considered as an ideal pesudocapacitor electrode material attributing to their intrinsically high pseudocapacitive behaviour of fast and reversible surface redox reactions [17] [18] [19] .
Till date various transition metal oxides namely manganese dioxide (MnO 2 ) [20] [21] [22] , cobalt oxide (Co 3 O 4 ) [8, 9, 23] , nickel oxide (NiO) [24] [25] [26] , and ruthenium dioxide (RuO 2 )
[27] as electrodes of pseudocapacitors have been studied to achieve superior specific capacitance values. Among them RuO 2 is considered to be the most effective electrode material, but anyhow due for its low availability and high cost its implementation is often discouraged [27] . As an alternative, MnO 2 can be a promising electrode material owing to its high theoretical capacitance (1370 F/g), low cost and environmental benignity [28] [29] [30] [31] [32] .
Moreover in contrast to NiO and Co 3 O 4 , it offers larger working potential range around 1V, which is favourable for getting higher energy density [10] . In addition, the tunnelled crystal structures of MnO 2 can favour ion diffusion better than other spinel structures and thus can facilitate redox reactions [33] .
MnO 2 exits in different crystallographic polymorphs, α-, β-, γ -, δ-and ε- MnO 2 showcasing its diversified structural nature [34, 35] . α-MnO 2 is believed to perform better than its other polymorphs counterpart due for its large 2×2 tunnel structure with approximately 0.46 nm size and high surface area [36, 37] . Fabrication of MnO 2 with fast and reversible surface redox reactions is a challenge which can be counter through shortening of diffusion length between electrode and electrolyte interface [38] . Synthesis of MnO 2 nanomaterials can be a solution to this, as sharp edges and extremely low dimensions exhibited by nanomaterials can considerably reduce the diffusion length when compared with their bulk counterparts [38] . α-MnO 2 in shapes of octahedral molecular sieves [39] , nanosheets [40] , nanoflowers [41] , hollow spheres [42] , nanobelts [43] , nanowires [34] and nanorods [44] [45] [46] have been prepared in recent times. Zhaoxia et al. [47] have studied the capacitive performance of α-MnO 2 naorods in 1M KOH alkaline aqueous electrolyte solution. Xiaohui et al. [36] have tested branched α-MnO 2 naorods for supercapacitors applications in 1M Na 2 SO 4 neutral solution.
However there is still one more prospect to increase the cycle life and transfer rate for redox reactions at higher current densities of pseudocapacitors with introduction of redox additives (potassium ferricyanide, K 3 Fe(CN) 6 to electrolyte (KOH). Cuimei et al. [48] have demonstrated ultrahigh specific capacitance for Co(OH) 2 electrode using and 0.08 M K 3 Fe(CN) 6 as redox additives in 1 M KOH as electrolyte. Sandipan et al. [17] have reported an increment of about 7 times in energy density with the introduction of K 3 Fe(CN) 6 as redox additive to KOH electrolyte for interconnected network of MnO 2 nanowires as electrode.
Herein we report a simple hydrothermal method for synthesis of finely ordered and ultrapure α-MnO 2 nanorods as analyzed from the XRD, FTIR, EDS, FESEM and HRTEM characterizations. Pseudocapacitive performance of pristine α-MnO 2 nanorods are studied using K 3 Fe(CN) 6 as redox additive to KOH electrolyte. Cyclic voltammetry and galvanostatic charge/discharge measurements were undertaken by three electrode system. An interestingly ultrahigh pseudocapacitive performance and capacity retention is acknowledged due mainly for redox additive and ultra finesse of nanorods.
Experimental

Materials
Potassium permanganate (KMnO 4 ), Sodium nitrite (NaNO 2 ), Hydrochloric acid (HCl), Potassium hydroxide (KOH) and Potassium ferricyanide (K 3 Fe(CN) 6 ) were purchased from Sigma Aldrich. For preparing solutions, de-ionized water was used.
Synthesis
In a typical synthesis of α-MnO 2 nanorods, KMnO 4 and NaNO 2 were mixed using magnetic stirring in 2:3 molar ratios to form a homogeneous solution of 39 ml. Then 1 ml solution of 0.3 M HCl was prepared which was added slowly and steadily into the solution under vigorous stirring. The final solution was exposed to hydrothermal pressure by placing it in autoclave of 80% total capacity and maintaining temperature of 170 o C for 12 h. After the hydrothermal process the residual liquid was discarded and precipitate was collected. The precipitate was washed thoroughly and calcined at 300 o C for 3 h to obtain α-MnO 2 nanorods with high purity. charge/discharge measurement were taken with Biologic SP300 using three electrode system.
Electrode preparation
The as synthesized material served as working electrode against platinum wire and silver/silver chloride (Ag/AgCl) in 3M KCl as counter and reference electrodes, respectively. 
Morphological analysis
Physical appearance of as prepared 
Growth Kinetics
The chemical kinetics involving synthesis of α-MnO 2 nanorods primarily revolves around the redox reaction as described below [49 [35, 50] . Moreover, optimal acidic pressure works in tandem with hydrothermal pressure in slimming down the morphologies, resulting in formation of ultrafine α-MnO 2 nanords. Still new explorations are needed to be done in near future.
Electrochemical studies
A three electrode system was designed to carry out the electrochemical studies. As prepared electrode with α-MnO 2 nanorods works as working electrode whereas platinum foil and Ag/AgCl (dipped in 3M KCl), works as counter and reference electrodes, respectively. The test was carried out in aqueous electrolyte solution of 3 M KOH + 0.1 M K 3 Fe(CN) 6 . Figure   3a ( 
Each of the above processes is concurrent and fully reversible requiring a charge. As Normally, during charging hexacyanoferrate Fe(III) is reduced to Fe(II) and being reversible reaction, further provide electrons during oxidation which helps in smoothening of charge acquisition and thus boost the pseudocapcitor performance. Superior capacitive performance of pseudocapacitors involves hybrid mechanism between battery and electric double layer capacitance which is quite complex and still needs further studies. Anyhow our assumptions are validated by the experimental studies carried out using galvanostatic charge/discharge measurements in the following section.
Also it can be seen that with increasing scan rates there is drastic increase in the curve area suggesting for higher capacitive performance. However, exact pseudocapacitance is not calculated using CVs due for the changing discharge current across the potential range [17] .
For this galvanostatic charge/discharge studies were carried out. High current densities were incorporated to make sure that discharge time should be less.
Normally, the supercapacitors must possess low discharge time than conventional Li-ion batteries for their unique applications needing instant energy supplies. This can be achieved at high current density, but unfortunately they lose their performance at this point due for quasi reversible redox reactions [17] . So most of pseudocapacitors are reported at low current densities of 0.2 -5 A/g [6, 10, 17] for MnO 2 based electrodes. However, we have made an effort to lower the discharge time without much sacrificing the pseudocapacitive performance. The pseudocapacitance (C in F/g) was calculated using following equation [10] :
Where, I, Δt, m and ΔV represents discharge current in ampere (A), discharge time in seconds Capacity retention values for up to 4000 continuous charge/discharge cycles at 25 A/g is depicted in fig. 3c . It is captivating to observe increment in capacity of about 110% after continuous cycling nearly between 500-1000 cycles. This may be due to increment in reversible redox conversion of Fe(II) to Fe(III). Anyhow after 1000 cycles the capacity came down nearly to its original value and highly stabilized performance was achieved as tested for up to 4000 cycles. Excellent retention capacity of 90.5% is observed after 4000 cycles. This is much higher than the reported 72.5% for MnO 2 nanorods [36] . After prolong cycling, the redox assisted conversion of Fe(II) to Fe(III) is supposed to reach equilibrium condition with provision of equal number of Fe(II) and Fe(III) ions [55] . This provides an excellent electron transition pathway thereby stabilizing the performance. Figure 3d showcases constant discharge/discharge cycles for up to 20 cycles. Figure 4 (a-d) highlights the stable charge/discharge profiles after 1000, 2000, 3000 and 4000 cycles, respectively.
Hydrochloric acid content was successfully optimized with respect to hydrothermal pressure to give rise to finely ordered α-MnO 2 nanorods. The as prepared nanorods turned out to be pristine in nature as no impurity or other phases were observed being validated from XRD, FTIR and EDS analyses. These nanorods were free from any crack, fissure or dislocation.
The uniformity observed in nanorods helped to exhibit promisingly superior pseudocapacitive behaviour. In addition, the use of potassium ferricyanide as redox additive was proved to be 
